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The Sequence and Function Relationship in Ligand-Induced Folding
Christopher Eginton, Dorothy Beckett.
University of Maryland, College Park, MD, USA.
The Escherichia coli biotin repressor, BirA, the central protein of the E. coli
Biotin Regulatory System serves as a metabolic enzyme and the transcription
repressor of the biotin biosynthetic operon. For both functions, the active BirA
species is bound to bio-5’-AMP, which it synthesizes from substrates biotin
and ATP. As an enzyme, BirA catalyzes post-translational biotin linkage to
a specific lysine residue of the biotin carboxyl carrier protein (BCCP), a sub-
unit of acetyl-CoA carboxylase, which catalyzes the first committed step in
fatty acid biosynthesis. Transcription repression requires self-association of
the adenylate-bound BirA followed by site-specific DNA binding to the biotin
operator of the biotin biosynthetic operon. Both functions require folding of
two flexible surface loops including the biotin-binding loop (BBL), comprised
of residues 116-124, that folds over the biotin moiety and the adenylate-
binding loop (ABL), comprised of residues 212-234, that folds over the ade-
nine moiety of the adenylate. In the BirA: adenylate structure side chains of
residues F124 and P126 of the BBL and M211 and V218 of the ABL bridge
the two loops. Combined kinetic and equilibrium measurements of the conse-
quences of single alanine substitutions of these bridging residues indicate het-
erogeneity in the effects on the multiple BirA functions. Isothermal titration
calorimetry and stopped-flow fluorescence measurements reveal that the sub-
stitutions significantly compromise both bio-5’-AMP binding and synthesis.
By contrast, these same substitutions have modest effects on homodimeriza-
tion and biotin transfer to BCCP. These results in combination with previous
studies of amino acid replacements in three ABL residues that form a hydro-
phobic cluster concomitant with adenylate binding indicate a ligand-linked
folding process that is characterized by a complex relationship between se-
quence and function.
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Structural Architecture of the Multi-Immunoglobulin-Like Domain Chain
from Ligb
Ching Lin Hsieh1, Christopher P. Ptak1, Alexander S. Maltsev2,
Robert E. Oswald1, Yung Fu Chang1.
1Cornell University, Ithaca, NY, USA, 2National Institutes of Health,
Bethesda, MD, USA.
Surface proteins on pathogenic strains of Leptospira are involved in host adhe-
sion interactions, an important step in bacterial infection. Lig (Leptospira im-
munoglobulin (Ig) -like) proteins can bind to human extracellular matrix
proteins and have shown promise in typing leptospiral isolates for pathogene-
sis. Lig proteins are composed of twelve to thirteen Ig-like domain repeats that
are anchored to the outer membrane at the N-terminus. Here, we combine ex-
perimental data from small-angle x-ray scattering (SAXS) and nuclear mag-
netic resonance (NMR) to develop a model of the overall architecture of the
multi-Ig-like domain chain from LigB. SAXS scattering curves were obtained
from constructs containing two to five tandem domains. An ensemble of low
resolution envelopes was reconstructed and combined to create a low resolution
model of the twelve domains from LigB. In addition, we solved the high reso-
lution NMR structure of the twelfth Ig-like domain from LigB (LigB12). using
LigB12-dervied homology models for the other eleven domains, LigB1-11,
along with additional experimentally derived NMR constraints, we generated
a high resolution model for the Ig-like domain region of LigB. The LigB Ig-
like domain architecture should prove useful in understanding the Leptospira
surface structure, Lig protein mediated host interactions, and Lig protein acces-
sibility to antibodies.
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Hexokinase Monomer-Dimer Preferential Hydration Determined by
SANS and Osmotic Stress
Christopher B. Stanley1, Hugh O’Neill1, Erica Rowe1,2, Valerie Berthelier2.
1Oak Ridge National Laboratory, Oak Ridge, TN, USA, 2University of
Tennessee Medical Center, Knoxville, TN, USA.
Yeast hexokinase (HK) exists in equilibrium between the monomer and ho-
modimer states, which can be modulated by solution pH, ionic strength, tem-
perature, protein concentration, and ligand binding. HK monomer-dimer
equilibrium plays a regulatory role but its importance to function is not en-
tirely clear. To directly correlate protein structure with the associated hydra-
tion and energetics, we are using small-angle neutron scattering (SANS)
coupled with osmotic stress. SANS allows three regions of contrast to be mon-
itored upon osmolyte addition: protein, protein-associated water that excludes
osmolyte, and bulk water/osmolyte solution. We find the preferential hydra-
tion of HK monomer and dimer states to depend on the osmolyte chemistry
and size. However, the difference in hydration between the monomer and di-mer remains independent of the particular osmolyte. This research should
prove useful in characterizing the forces governing the burial of complemen-
tary protein interfaces, which are especially important for weak types of pro-
tein recognition and association mechanisms that are often difficult to study
experimentally.
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Intravital and In Vitro Time-Lapse Imaging Reveals Microtubule
Dynamics in Skeletal Muscle Fibers
Sarah Oddoux.
NIH, Bethesda, MD, USA.
Microtubules (MTs) play an essential role in dynamic cell processes but they
also play a mechanical role, buttressing cells against compressive forces.
Both roles may be especially important in the very large skeletal muscle fibers;
it has recently been shown that microtubules are part of the pathology of Du-
chenne Muscular Dystrophy. However, the organization of microtubules in
muscle fibers is poorly understood. They do not resemble the microtubule asters
of proliferating cells; instead they form complex three-dimensional networks
without clear organizing centers (MTOC). Imunofluorescence with anti-
tubulin or anti-EB3 (microtubule plus-end marker) does not suggest a dynamic
behavior.
To understand how muscle microtubules are organized, we have expressed
GFP-tubulin and EB3-GFP in the mouse footpad Flexor Digitorum Brevis
(FDB) muscle. Time-lapse sequences were recorded from single FDB fibers
plated on dishes, and from the intact muscle intravitally. Both approaches
showed dynamic EB3 spots (8 and 4 micrometer/min respectively, not signif-
icantly different) and a predominantly stable tubulin network. Simultaneous
observation of mCherry-tubulin and EB3-GFP indicated that EB3 moves along
tracks of stable microtubules. Super-resolution microscopy confirmed that
muscle microtubules include longitudinal and transverse bundles. Observation
of recovering microtubules after nocodazole treatment shows that they origi-
nate from nuclear membranes and from cytoplasmic Golgi elements (50%)
both of which show the MTOC protein pericentrin. The tools developed have
allowed us to see for the first time how microtubules form and move in live
muscle fibers and provide a platform for exploring the role of microtubules
in muscle and the consequences of their defects in muscle diseases.
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Characterization of the Interaction between Rheb and a Truncated
Construct of Tuberous Sclerosis Complex 2 (TSC2) and the Potential
Effect of Heparin on TSC2-Stimulated GTP Hydrolysis
Kyla Morris, Paul D. Adams.
University of Arkansas, Fayetteville, AR, USA.
Rheb is a member of the Ras superfamily of proteins, a known regulator of cell
growth, proliferation, and signaling. Interactions involving Rheb and the TSC2
protein regulate the cycling of Rheb between its nucleotide-bound states and,
thereby, cell growth. The C-terminus of TSC2 contains a ‘‘perceived’’ con-
served GAP (GTPase-activating protein)-binding domain. Rheb binds to
TSC2 and this binding facilitates TSC2-stimulated Rheb GTP hydrolysis to
regulate cell signaling. At present, little is known about the molecular features
of the Rheb-TSC2 protein interaction. We present biochemical and biophysical
data on the interaction of Rheb with TSC2, using a shorter, 218 amino acid
GTPase derivative of TSC2 (TSC2-218) that has been used to characterize
the GTP hydrolysis rate of activated Rheb.
Heparan sulfate is a derivative of heparin, a sulfonated polysaccharide known
to interact with diverse proteins and, thus, biologically important. TSC2-218
contains a polybasic region and preliminary studies indicate that heparan sul-
fate may be capable of binding to TSC2-218, but not Rheb. We present evi-
dence that the binding of heparan sulfate to TSC2-218 does not interfere with
TSC2-218-Rheb binding and may enhance the ability of TSC2-218 to stimu-
late Rheb GTP hydrolysis. NMR spectroscopy was used to outline TSC2 res-
idues that might be important for interactions with Rheb and define
conformational changes induced in TSC2-218 by the presence of heparan sul-
fate as defined by chemical shift changes. This work highlights molecular fea-
tures of the Rheb-TSC2 interaction that may contribute to our understanding
of new ways to regulate abnormal cell signaling activity facilitated by the re-
duced GTP-GDP cycling of Rheb in the presence of disease-causing mutants
of TSC2.
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Designing Self Assembling Beta Helices
Ellen M. White, Krishna Kishore Inampudi, Corey J. Wilson,
Andrew D. Miranker.
Yale University, New Haven, CT, USA.
Amyloid fibers are unusually stable structures that self-assemble from soluble
proteins. The fibers are typically composed of parallel b-sheets that run along
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axis. b-helices are a parallel b-sheet motif that have similar properties to amy-
loid fibers. In this work, we explore the utility of the b-helix as a building block
to capture and test attributes of amyloid fibers relevant to the design of self-
assembling nanostructures. We have isolated and characterized a five-rung por-
tion of the triple-stranded, homotrimeric b-helix, GP5, of the bacteriophage T4.
In order to construct a self-assembling b-helix, we have developed a small li-
brary based on amyloid sequence analysis and applied it to the five-rung helix.
Specific changes targeting internal interactions of the helix have been made.
The mutations in these positions have been selected to allow for greater control
of self-assembly and hold the promise of breaking the homomeric assembly
into a heteromeric construction. A split adenylate kinase selection assay has
been developed to monitor self-assembly of these alternative structures.
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Simulations of Glutathione Synthetase Indicate Conformational
Asymmetry that may Contribute to Negative Cooperativity
Sasi Kodathala, Brian W. Beck.
Texas Woman’s University, Denton, TX, USA.
Glutathione (GSH), a major anti-oxidant found in all eukaryotic cells is pro-
duced by a homodimeric enzyme, Glutathione Synthetase (GS). The GS dimer
is an allosteric negatively cooperative enzyme that loses affinity for substrate
after initial binding of substrate. In our previous work, energy minimization
calculations on fully solvated monomeric and dimeric conformations of GS,
each with and without substrate bound, demonstrated differences in energies
and conformations between some of the sequence identical residues of mono-
mers of dimeric GS, suggesting GS may occupy energetically asymmetric
conformations. Here, we report the analysis of 1 ns Molecular Dynamic
(MD) simulations on fully solvated dimeric conformations of GS, with and
without substrate. The differences in root mean square deviation (RMSD)
along with the different energies of interface residues over time indicate in-
trinsic asymmetry between monomer conformations. These energy differences
and the positions of the residues relative to the active site and the dimer in-
terface suggest the monomers may exist in distinct conformational ensembles
whose relative frequencies are asymmetrically shifted to be favorable to initial
substrate binding, thus potentially contributing to the observed negative
cooperativity.
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Multibody Force Fields: Characterizing Intrinsic Correlation within
the PDB
Jared J. Thompson.
Purdue, West Lafayette, IN, USA.
Although dynamics simulations are a powerful tool in research, the most com-
monly used methods have limitations with respect to the time scales that can be
achieved, even on the most sophisticated hardware available. To mitigate this
problem, there has been significant research in structural abstraction or
‘‘coarse-graining’’ simulations. However, the process of coarse graining neces-
sarily excludes potentially relevant information from an atomic-level represen-
tation and may ignore terms that describe higher-order interactions. Limited
attempts to reintroduce this information back into simulations have employed
multibody terms to simulate secondary structures such as b-sheets, however
more complex attempts at including multibody interactions have not yet been
published. In this offering, we describe our findings with respect to character-
izing multibody interactions found within the PDB and explorations of poten-
tially employing this work in the framework of a forcefield.
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Conservation of Functionally Important Global Motions in an Enzyme
Superfamily across Varying Quaternary Structures
Emily K. Luebbering.
University of Missouri, Columbia, MO, USA.
The a-D-phosphohexomutase superfamily comprises enzymes involved in car-
bohydrate metabolism that are found in all kingdoms of life. Recent biophysical
studies have shown for the first time that several of these enzymes exist as di-
mers in solution, prompting an examination of the oligomeric state of all pro-
teins of known structure in the superfamily (11 different proteins; 31 crystal
structures) via computational and experimental analyses. We find that these
proteins range in quaternary structure from monomers to tetramers, with six
of the 11 known structures being likely oligomers. The oligomeric state of these
proteins is associated in some cases with enzyme sub-group (i.e. substrate spec-
ificity), but also appears to depend on domain of life, with the two archaeal pro-
teins existing as higher order oligomers. within the oligomers, three distinct
interfaces are observed, one of which is found in both archaeal and bacterial
proteins. Normal mode analysis shows that the topological arrangement of
the oligomers permits domain 4 of each protomer to move independently as re-quired for catalysis. Our analysis suggests that the advantages associated with
protein flexibility in this enzyme family are of sufficient importance to be main-
tained during the evolution of multiple independent oligomers. This study is
one of the first showing that global motions are conserved not only within pro-
tein families, but across members of a superfamily with varying oligomeric
structures.
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A Web Site for Detecting Protein Structural Domain Neighbours
Jean Garnier1, Franck Samson1, Richard Shrager2, Jean-Franc¸ois Gibrat1,
Chin-Hsein Tai2, Vichetra Sam2, Peter J. Munson2.
1INRA, Jouy en Josas, France, 2NIH, Bethesda, MD, USA.
A query protein structure is compared with the VAST program to a database
of target structures from the PDB (PDB40, list of protein structures having
less than 40% of identical residues: 19 500 structures version 2011). The
threshold of the VAST program is lowered in order to find the largest possi-
ble number of structures having a local similarity with the query protein. The
purpose of the web site is to define structural domains in the query protein
using the recurrence of these locally similar substructures. (http://genome.-
jouy.inra.fr/domire/). The list of matches is subsequently sorted according
to two criteria: the number of aligned residues by VAST is at least 40% of
the number of residues of the target, and 80% of the target length is aligned
including gaps of non aligned residues if less than 40. Besides this list, a res-
idue-residue alignment of the structural neighbour on the amino acid
sequence of the query protein is provided together with a 3D view of their
superposition. The object of this sorting is to help in detecting remote homo-
logues and isolated protein structures matching the domain structures of
a protein.
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Development of Semi-Synthesis Methods to Incorporate Fluorophore/
Thioamide Pairs into Proteins
Rebecca F. Wissner, Solongo Batjargal, E. James Petersson.
University of Pennsylvania, Philadelphia, PA, USA.
A thioamide, a single atom substitution on the peptide backbone, can be used as
a minimally perturbing probe for various applications. Previously, the incorpo-
ration of thioamides has been limited to synthetic small peptides. Here, we
demonstrate that thioamides in both C-terminal thioesters and N-terminal
Cys fragments are compatible with native chemical ligation conditions. Re-
cently, we have shown that p-cyanophenylalanine is quenched by a backbone
thioamide in a distance-dependent fashion. Unnatural amino acid mutagenesis
and native chemical ligation can be used together to site-specifically incorpo-
rate this minimally perturbing spectroscopic pair into a protein of interest.
As a proof of principle, we have generated thioamide labeled versions of the
amyloid protein a-synuclein and monitored its conformational changes during
aggregation by fluorescence quenching.
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NIST/UMD Biomolecular Labeling Laboratory (Bl2)
Zvi Kelman.
National Institute for Standards and Technology, Gaithersburg, MD, USA.
The NIST/UMD Biomolecular Labeling Laboratory (BL2) is a joint facility of
the National Institute of Standards and Technology (NIST) and the University
of Maryland (UMD). The mission of the facility is to provide users the environ-
ment, equipment, and expertise necessary to produce stable isotope labeled bio-
molecular samples so they can be used for structural and biophysical methods
including, but not limited to, neutron scattering, NMR and mass spectroscopy.
The facility intends to support research performed at NIST, UMD and other
universities and institutions from the US and other countries.
Molecular Chaperones
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Acid-Induced Activation of the Periplasmic Chaperone HdeA
Linda Foit1, Bin Zhang2, Jenny George1, Lucia Brunetti2,
Charles Brooks III2, James Bardwell1.
1University of Michigan/HHMI, Ann Arbor, MI, USA, 2University of
Michigan, Ann Arbor, MI, USA.
Enteric bacterial pathogens like Escherichia coli are able to survive passage
through extremely acidic environments like the human stomach. This acid-
resistance strongly depends on the activity of the small periplasmic chaperone
HdeA. Inactive as a dimer at neutral pH, HdeA elegantly uses its own acid-
induced unfolding and monomerization to become rapidly activated upon shift
to low pH. In its active and intrinsically disordered monomeric state, HdeA
tightly binds to acid-unfolded client proteins. Upon pH neutralization, HdeA
slowly releases its client proteins, allowing them to refold.
